Abstract. Cytohesin-2 is overexpressed in human lung cancer and it activates cytoplasmic ErbB receptors. Inhibition of cytohesin-2 by SecinH3 reduces growth of EGFR-dependent lung cancer xenografts and improves the treatment of primarily EGFR-TKI-resistant lung cancers. Cytohesin-2 promotes HepG2 proliferation through the IGF pathway, and VEGF-dependent initiation of angiogenesis by regulation of VEGFR-2 internalization in endothelial cells, vessel permeability and ultimately endothelial proliferation. The purpose of this study was to evaluate the effects of cytohesin-2 in hepatocellular carcinoma (HCC) . In the current study, we collected 40 HCC tissues and detected cytohesin-2 mRNA expression in the 40 HCC tissues by using quantitative real-time polymerase chain reaction (qRT-PCR), as well as its protein expression by using immunohistochemistry and western blot analysis. We found that cytohesin-2 was more highly expressed in HCC compared to adjacent non-tumorous liver tissues, and cytohesin-2 expression was significantly increased in specimens with high α-fetoprotein and vascular invasion. Both univariate and multivariate analyses indicated that there is an association between cytohesin-2 expression and overall survival (OS) and disease-free survival (DFS). Moreover, stratified analysis showed that patients in tumor-node-metastasis (TNM) stage I with higher cytohesin-2 levels had shorter OS and DFS than those with lower cytohesin-2 levels. In conclusion, cytohesin-2 may identify low-and high-risk individuals with HCC and may be a valuable indicator for stratifying prognosis of TNM stage I patients. Cytohesin-2 may serve as a novel prognostic biomarker for HCC.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common solid tumors worldwide, particularly in East Asia and in Sub-Saharan Africa (1, 2) . It is the second most common cause of cancer-related mortality in men, and the sixth in women (3) . Currently, the only curative therapeutic options for early-stage HCC are surgical interventions, including percutaneous ablation, hepatic resection, and liver transplantation. Fewer than 12% of diagnosed HCC patients are eligible for curative therapies in developing countries (4) . Survival of HCC varies widely, and similar clinicopathological characteristics are likely attributable to heterogeneous biological behavior of tumor cells (5) . Although recent studies have found some abnormal gene expressions in HCC that could serve as prognostic markers, knowledge of molecules that could help forecast early recurrence of HCC is limited.
Recently, Bill et al (6) found that cytohesin-2 was significantly overexpressed in human lung cancer, and inhibition of cytohesin could lead to reduction of lung cancer xenografts via activation of cytoplasmic ErbB receptors. Cytohesin-2 is part of the cytohesin family, which are guanine nucleotide exchange factors (GEFs) for ADP ribosylation factors (ARFs) that belong to the family of small Ras-like GTPases. As in the case of other small GTPases, ARF function critically depends on activation by GEFs (7) . Thus, since ARFs are involved in controlling cytoskeletal dynamics, cell migration, vesicular traffic, and signaling (8, 9) , cytohesins are key regulators of these processes. Cytohesin was initially reported in 1996 by Kolanus et al (10) . However, recent studies have focused on physiological action, and the function of cytohesin in pathological states, particularly in cancer, is limited (11) . Cytohesin critically affects cytoplasmic conformational activators of ErbB receptors, which are phosphoinositide 3-kinase (PI3K)/Akt/ mTOR pathway in HEK-293 cells. Recognized abnormalities in HCC include aberrant signaling through the PI3K/AKT and mTOR pathways (12) . Cytohesin-2 overexpression in human lung cancer is reportedly correlated with auto-phosphorylation of EGFR (6); EGFR auto-phosphorylation was also identified in HCC (13). Lim et al (11) reported cytohesin-2 as critical to the insulin and insulin-like growth factor (IGF) pathway in HepG2 cells. Another study showed the role of cytohesin-2 in vascular endothelial growth factor (VEGF)-dependent initiation of angiogenesis by regulating VEGF Receptor (VEGFR)-2 internalization in endothelial cells (14) .
In the present study, we examined the expression of cytohesin-2 gene and protein in 80 samples of paired tumor and the surrounding non-tumorous liver tissue, and these samples were collected from 40 patients with HCC. The correlations between cytohesin-2 expression and the clinicopathological characteristics were evaluated, and the prognostic significance of cytohesin-2 in HCC was also elucidated.
Materials and methods
Patients and tissue specimens. The study group consisted of 40 HCC patients who underwent surgery (hepatic resection) at the First Hospital of Xi'an Jiaotong University, China (from 2008 to 2009). All tumors and surrounding non-tumorous liver tissues were collected at surgical resection and stored immediately at -80˚C until analysis. All specimens were confirmed histologically. Written informed consent, as required by the Institutional Review Board, was obtained from all patients. The clinicopathological profiles of the patients enrolled in the study were collected. The study was approved by the Local Medical Ethics Committee.
Antibodies. Polyclonal rabbit anti-cytohesin-2 (10405-1-AP) and polyclonal rabbit anti-β-actin (10497-1-AP) were obtained from Proteintech Group (Chicago, IL, USA). Goat anti-mouse and goat anti-rabbit IgG (H+L), peroxidase conjugated were obtained from Pierce Biotechnology (USA).
RNA preparation and reverse transcription. Total RNA was extracted from the HCC and surrounding non-tumorous liver tissue samples with RNAfast200 (Fastagen Biotechnology, Shanghai, China). The amount of RNA was measured spectrophotometrically by absorbance at 260 nm. First-strand cDNA was generated from RNA with the RevertAid First Strand cDNA Synthesis kit from Fermentas (Shanghai, China).
Quantitative real-time polymerase chain reaction (qRT-PCR).
qRT-PCR was performed in a Bio-Rad Real-time iQ5 System (Bio-Rad, Philadelphia, PA, USA) using SYBR Premix Ex Taq II (Takara, Dalian, China). Thermocycling was carried out in a final volume of 20 µl containing 1.0 µl of the cDNA sample, 100 nM each of the cytohesin-2 or β-actin primers (forward and reverse), and 10 µl of SYBR Premix Ex Taq II (including TaqDNA polymerase, reaction buffer, and deoxynucleotide triphosphate mixture). The primers for qRT-PCR were: cytohesin-2, forward, 5'-acggtgccatgactgaggtg-3 and reverse, 5'-tgctgaaggtcagtgtgacgtg-3'; β-actin, forward, 5'-tgtccaccttccagcagatgtg-3' and reverse, 5'-agtcctcggccacattgtgaac-3' (all produced by Takara). The PCR amplification consisted of 40 cycles (95˚C for 5 sec, 55˚C for 30 sec) after an initial denaturation step (95˚C for 10 sec). To correct for differences in both quality and quantity between samples, β-actin was used as an internal control. The targets were obtained from the same mRNA preparations. Melting curves were performed to ensure only one product was amplified.
Cytohesin-2 mRNA expression score. The relative amount of cytohesin-2 in mRNA from HCC (T) and the surrounding non-tumorous liver tissues (N) that were normalized to β-actin mRNA was calculated. The cytohesin-2 mRNA expression score in each tissue was defined as 2 -ΔΔCt ; ΔΔCt = (Ct Cytohesin-2 -Ct β-actin ) T -(Ct Cytohesin-2 -Ct β-actin ) N . The expression score <1 was identified as low cytohesin-2 mRNA expression, and >1 was identified as high cytohesin-2 mRNA expression (there was no score =1) (15) .
Immunohistochemical assay (IHC).
For IHC, fresh tissues were fixed in 10% neutral buffered formalin for 16 h at 4˚C and then placed in a Thermo Shandon tissue processor, and embedded in paraffin. Sections were heated in a 60˚C oven, and wax removed by three changes of xylene, followed by a graded ethanol series (100, 95, 90 and 80%) before being subjected to a final wash in double-distilled H 2 O. After quenching endogenous peroxidase activity with 3% H 2 O 2 for 10 min and blocking with BSA for 30 min, sections were incubated at 4˚C overnight with primary antibody against cytohesin-2 at a dilution of 1:100. Detection of cytohesin-2 was achieved with the Envision-horseradish peroxidase system (DakoCytomation, Glostrup, Denmark). All slides were counterstained with Gill's Hematoxylin for 1 min, dehydrated, and mounted for light microscopic evaluation independently by two experienced pathologists. A cutoff point of 25% was used in our statistical analysis; sections were classified as negative, weak (0-25%) or strong (≥ 25%) (16) . The staining intensity and average percentage of positive liver cells were assayed for 10 independent high magnification (x400) fields. The total score was calculated by multiplying the staining intensity and the percentage of positive liver cells. Sections with a total score of >1 were defined as exhibiting positive staining for cytohesin-2 (17).
Protein preparation. Samples were homogenized in ice-cold RIPA buffer [1X phosphate-buffered saline (PBS), 1% Nonidet P-40, 0.5% sodium deoxycholate, 1% sodium dodecyl sulfate (SDS)] with protease inhibitors (Xianfeng Biotech, Xi'an China), then incubated on ice for 20 min and centrifuged at 12,000 rpm for 15 min at 4˚C to specification. The supernatant was quantified by Bradford BCA protein assay and stored at -80˚C until further use.
Western blot analysis. The protein samples (20 µg) were separated by 10% SDS-PAGE; proteins were then transferred to polyvinylidene fluoride (PVDF) membranes which were blocked for 1 h with 1% BSA in Tris-buffered saline with Tween-20 (TBST) buffer (20 mM/l Tris, pH 7.6, 100 mM/l NaCl, 0.1% Tween-20). This was followed by incubation with primary antibodies, including polyclonal antibody against cytohesin-2 (1:1,000 dilution) and β-actin (1:1,000 dilution) in TBST buffer containing 1% BSA, at 4˚C overnight. After washing three times with TBST buffer, membranes were incubated with a horseradish peroxidase-conjugated goat anti-rabbit IgG and goat anti-rabbit IgG as secondary antibodies (1:10,000 dilution) for 1 h at room temperature. After the membranes were washed four times again in TBST buffer, reactions were visualized with the ECL detection system (Millipore, Billerica, MA, USA). Values for cytohesin-2 were normalized to β-actin expression; cytohesin-2 protein values were compared between HCC and adjacent non-tumorous liver tissue. Ratios >1 were identified as higher cytohesin-2 protein expression; ratios ≤1 were identified as lower cytohesin-2 expression (18) . All western blot analyses were repeated at least three times.
Follow-up. The follow-up duration was defined as the interval between the date of surgery and the date of death or last follow-up. The study was censored on 31 January 2012. The median follow-up time was 25.32 months (range, 15-36). All patients were followed up every 1-3 months in the first year and every 3-6 months thereafter. The follow-up protocol included physical examination, serum α-fetoprotein (AFP) level, chest X-ray, abdominal ultrasonography and computed tomography. Computed tomography and/or magnetic resonance imaging and/or positron emission tomography were performed when intrahepatic relapse or distant metastasis was suspected.
Statistical analysis. All statistical analyses were carried out using the SPSS 16.0 statistical software package (SPSS Inc., Chicago, IL, USA). The associations between cytohesin-2 expression and clinicopathological parameters were analyzed using Student's t-test. Overall and disease-free survival curves were generated using the Kaplan-Meier method; differences between curves were assessed by the log-rank test. Independent prognostic factors were estimated by the Cox proportional hazards stepwise regression model. All P-values were 2-sided. P<0.05 was considered to indicate statistically significant differences.
Results
Cytohesin-2 expression in HCC and surrounding non-tumorous liver tissue specimens. We first examined cytohesin-2 expression in 40 HCC patient specimens and surrounding non-tumorous liver tissues, using qRT-PCR and western blot analysis (Fig. 1) . Cytohesin-2 mRNA expression was between 0.13 and 3.97 (average ± SD, 1.43±0.89) in HCC tissues, which was higher than in surrounding non-tumorous liver tissues (P=0.005) ( Table Ⅰ) . Cytohesin-2 protein expression was between 0.21 and 1.56 (average ± SD, 1.12±0.33) in HCC tissues, which was higher than in surrounding non-tumorous liver tissues (average ± SD, 0.70±0.39; P=0.009) (Table Ⅰ and Fig. 1 ). Protein expression was consistent with that of mRNA in the same monitored samples (data not shown). Similar results were obtained from the same batch of HCC tissues using IHC, which indicated cytohesin-2 to be more highly expressed in tumors than in surrounding non-tumorous liver tissues. Cytohesin-2 was located in the cytoplasm (Fig. 2) .
Correlation between cytohesin-2 expression and clinicopathological parameters. Subsequently, clinicopathological data were correlated with the cytohesin-2 expression. Cytohesin-2 protein expression was significantly associated with high AFP (P=0.01) (Table Ⅰ and Fig. 3A ) and vascular invasion (P=0.01) (Table Ⅰ and Fig. 4A ). The bivariate correlation showed AFP and cytohesin-2 protein expression were positively correlated (correlation coefficient= 0.417, P= 0.01). Similar results were observed when we checked cytohesin-2 protein expression and vascular invasion (correlation coefficient=0.361, P=0.022). There was no relationship between cytohesin-2 expression and other clinicopathological variables, including gender, age, tumor size, liver cirrhosis, TNM stage, tumor number, tumor capsule, and Edmondson-Steiner grade. All patients were infected with hepatitis B virus, as hepatitis B surface antigen (HBsAg) status was not mentioned. Cytohesin-2 mRNA expression was also associated with high AFP level (P=0.007) ( Table Ⅰ and Fig. 3B ) and vascular invasion (P= 0.001) ( Table Ⅰ and Fig. 4B ).
Prognostic of HCC subtypes defined by cytohesin-2 level.
During the course of follow-up, 30/40 patients (75.0%) were found with intrahepatic recurrence, 4 patients (10%) developed distant metastases. Twenty-four patients (60%) succumbed to cancer-related causes, 8 patients (20%) succumbed to liver cirrhosis-related diseases (such as hepatic failure and upper gastrointestinal hemorrhage), 3 patients (7.5%) succumbed to diseases unrelated to cancer, and 5 patients (12.5%) were still alive. We selected gender, age, tumor size, liver cirrhosis, TNM stage, tumor number, tumor capsule, and EdmondsonSteiner grade, cytohesin-2 as prognostic factors for the analysis of overall survival (OS) and disease-free survival (DFS). Significant OS and DFS advantages were observed in patients with low cytohesin-2 protein expression. Median survival was 31.72 months (24-36) of the low-level group, which was significantly longer than that of the high-level group (23.19 months) (15-36; P=0.005). DFS was 21.40 months in the lowlevel group, which was significantly longer than that of the high-level group (10.17 months) (6-19; P<0.01).
Stratified univariate and multivariate analysis.
In a univariate analysis model, cytohesin-2 mRNA and protein expression were significantly associated with OS (P=0.022; P=0.048, respectively) and DFS (P<0.01; P=0.001, respectively) (Fig. 5) . The similar result was obtained when we performed multivariate analysis, and it showed that cytohesin-2 protein expression level was associated with OS (P=0.009) and DFS (P=0.002) ( Table Ⅱ) . Cytohesin-2 mRNA expression level as a factor for multivariate analysis was then examined, and we found the similar result as cytohesin-2 protein expression level as a factor we showed in Table Ⅱ . Since survival may be associated with TNM stage, we stratified the data according to TNM stage Table II . Multivariate analysis of factors contributing to overall survival and disease-free survival in HCC patients.
Overall survival
Disease-free survival and investigated the prognostic value of cytohesin-2 for TNM stage I patients; there were no significant differences in the patient background profiles. For the 30 TNM stage I patients, significant correlations were found between cytohesin-2 expression and OS and DFS. Cytohesin-2 was an independent prognostic factor for survival in TNM stage I patients. Patients with high cytohesin-2 mRNA and protein expression had poorer OS (P=0.015; P<0.01) and DFS (P<0.01; P<0.01) compared to those with low cytohesin-2 expression in TNM stage I (Fig. 6 ).
Discussion
HCC is one of the most common solid tumors in mainland China, with an annual incidence of 24 per 100,000 people. The mortality rate of HCC is as high as its morbidity rate (19) , due to its high recurrence rate which is as high as 54% at 5 years, even for early-stage HCC treated with radical resection (20) . Molecular markers for HCC recurrence are limited in earlystage disease, although some molecules have been identified as prognostic markers. For this reason, identifying genetic alterations that allow estimation of early HCC recurrence are important. Cytohesin-2 is reported to be overexpressed in human lung cancer (6) , and to participate in the IGF pathway in HepG2 cells (11) . However, to our knowledge, cytohesin-2 expression in HCC has yet to be reported. In this study, we analyzed cytohesin-2 mRNA and protein expressions in 40 HCC patients and correlated them with clinicopathological characteristics and prognoses to determine whether this biomarker could predict disease outcome. Cytohesin-2 expression in HCC tissue was significantly higher than in surrounding non-tumorous tissue, as Bill et al (6) found in human lung cancer. Markedly, high cytohesin-2 expression was significantly correlated with more aggressive cancer, in terms of shorter OS and DFS, AFP and vascular invasion, which are putative clinicopathological markers for HCC development, invasiveness and unfavorable prognosis (21) . These data indicate that high cytohesin-2 expression occurs in HCC and is associated with an aggressive invasion phenotype, and that cytohesin-2 expression correlated with AFP which is a biomarker for proliferation (22) . This finding is in agreement with previous studies; for example, Lim et al (11) reported that cytohesin-2 is involved in insulin and IGF pathways and promotes HepG2 proliferation. Cytohesin-2 promotes tumor proliferation and this function was identified in human lung cancer as SecinH3 which targets the Sec7 domain of the cytohesins (23) and reduces the growth of EGFR-dependent lung tumor xenografts (6) . Cytohesin-2 expression correlated with vascular invasion; this was in accordance with the finding of Mannell et al (14) that cytohesin-2 affects VEGF-dependent initiation of angiogenesis by regulating VEGFR-2 internalization in endothelial cells. Cytohesin-2 scores in HCC with vascular invasion were used to separate samples into two groups. No statistical difference in intensity of vascular invasion was found between the high-and low-score groups. Furthermore, in the low-score group, there was one case in which a portal vein tumor thrombus (PVTT) protruded into the first main portal vein branch beyond the resection line for >1 cm (19) , and the others were located in the hepatic resection area or protruded into the first main portal vein branch beyond the resection line for <1 cm. Nevertheless, in the highscore group, two cases of PVTT protruded into the first main portal vein branch beyond the resection line for >1 cm, and the PVTT extended into the main portal vein in one case. The lack of statistical difference may be due to the small number of samples, as patients with both HCC and PTVV have diminished access to hepatectomy. The effect of cytohesin-2 in angiogenesis is a future research priority for us.
Clinical stage is the most important factor in the prognosis of HCC patients. The International Union Against Cancer's TNM staging system is the most widely used. However, it is difficult for a surgeon to predict which individual TNM stage I patients will suffer early recurrence following curative treatment. Although several molecular markers have been shown to possess potential predictive significance, biomarkers that could identify patients with TNM stage I HCC who are likely to respond optimistically to curative excision remain substantially limited. Our stratified analysis showed that cytohesin-2 expression had clear prognostic value for OS and DFS in these patients, indicating that cytohesin-2 could be used as a predictive tool to identify patients with TNM stage I HCC at high risk of recurrence.
High cytohesin-2 expression in HCC tissues predicts poor prognosis, which suggests that cytohesin-2 affects the HCC malignancy process. This information could identify high-risk HCC patients who may benefit from more intensive treatment and follow-up care following resection of primary tumors. Further studies are required to gain insight into the underlying biology of cytohesin-2 in HCC, and to develop new therapies targeted at cytohesin-2.
